The histological changes in the corpus luteum and uteri of P. tridactylus throughout delayed gestation are described. Early in gestation there appears to be a unilateral stimulus of the uterus ipsilateral to the corpus luteum. Late in gestation there appears to be a foeto-placental stimulus of the pregnant uterus. Embryonic development is closely associated with the uterine changes. At about day 29 after removal of pouch young the foetus is born via the median vagina. A model is proposed to explain the apparently great discrepancy between the length of delayed and undelayed gestation in this species.
Introduction
The potoroo, Potorous tridactylus (Kerr), is a small (1-2 kg) macropodid marsupial. It occurs widely in eastern Australia, although it is common only in Tasmania (Hope 1973; Johnston and Sharman 1976) .
Reproduction in this species appears to conform to the usual macropodid pattern; it is polyoestrus (Hughes 1962 (Hughes ), monotocous'(F1ynn 1922 , and breeds throughout the year (Guiler 1960~) . Like most macropodids this species displays embryonic diapause; females enter post-partum oestrus, and if fertile mating occurs the embryo develops only to an early blastocyst stage. The blastocyst will remain quiescent until either the pouch young is lost or suckling becomes intermittent (Hughes 1962) . Quiescent embryos may be recovered from most females with pouch young 25-1 10 days old.
By using the technique of vaginal smearing, Hughes (1962) determined the length of the oestrous cycle in Potorous to be about 42 days, and he considered gestation to last 38 days. This is the longest gestation of any macropodid, although Potorous is one of the smallest. By comparison, Bettongia gaimardi, another potoroine and similar in size to Potorous, has a gestation of only 21 days (Rose 1978) .
In this paper the changes in the corpus luteum and uteri in delayed gestation, visible by light microscopy, are described, and related to embryonic development and progesterone secretion (which will be detailed in a later paper).
Materials and Methods
Throughout the year 1977, potoroos were captured in bushland south of Hobart, in wire box traps baited with apple. The animals were individually housed in cages 1000 by 520 by 320 mrn. They were fed a liberal diet of pollard or calf mash, frequently supplemented with apples, bread and carrots. Water was freely available.
Any pouch young present were removed from females soon after capture. These were measured and aged by the criteria of Guiler (1960b) . Only females with pouch young in the range 25-95 days old were used for the histological study, since these females could be expected to have quiescent embryos at RPY (removal of pouch young) (Hughes 1962) .
Thirteen females were sacrificed for histological study at days 0, 2, 6; 11, 12, 14, 18, 20, 21, 24, 28 , and 29 after RPY, and at 1 day post partum. The reproductive tracts were removed and placed in 10% neutral buffered formalin. Both uteri were opened with a longitudinal incision under a dissecting microscope, and embryonic material present was recovered and measured. Embryonic material was staged by Dr R. L. Hughes, University of Queensland. The ovaries and uteri were paraffin-embedded and sectioned at 6 pm. The ovaries were serially sectioned and every 50th section mounted. Transverse sections from the middle of each uterus were mounted.
Sections were routinely stained in haematoxylin and eosin, or in aldehyde-fuchsin (Halmi 1952) . A representative series was also stained in PAS with diastase control.
Length of delayed gestation was determined by daily pouch examination after RPY. The technique of vaginal smearing was used to determine the timing of post-partum oestrus in a number of females.
Measurements were made of the nuclear diameter of luteal cells, diameter of uterine glands and epithelial height of uterine glands. Basal glands were considered to be those near the myometrium and luminal glands those near the luminal epithelium.
Results
The gross anatomy of the reproductive tract is described by Pearson (1945) and is similar to that of the other Potoroinae. There is a vascular plexus in the connective tissue between the ovaries and the uterus.
The ovaries are ovate bodies about 4 by 3 by 2 mm. The bulk of the organ comprises corpora albicantia and connective tissue. Interstitial tissue occurs irregularly and in amounts apparently unrelated to reproductive condition. The interstitial tissue cells are small and polygonal, with chromophobic cytoplasm and small round nuclei, about 7 pm in diameter. No c h a~g e was observed in this tissue through delayed gestation. The corpora albicantia are spherical bodies 1.0-1.5 mm in diameter. The cells are characterized by frequent large cytoplasmic vacuoles, and small, wrinkled, darkly staining, pycnotic nuclei. Ova were not found in these bodies in several ovaries that were serially sectioned, which indicates that they are not corpora atretica. They presumably result from the corpora lutea of successive ovulations. At most, one active corpus luteum is found on the ovaries of each female.
Quiescent uteri measure about 5 by 8 mm. After day 14 after RPY the pregnant uterus enlarges with the growing embryo, to about 20 by 25 mm at term. The endometrial lining consists of a single layer of columnar epithelium with basally located ovate nuclei. This reduces in height in the pregnant uterus as pregnancy advances. 'Clear cells', similar to those reported in Trichosurus (Shorey and Hughes 1973) , are present in the epithelium at various stages; they are characterized by chromophobic cytoplasm and a central, spherical nucleus. The uterine glands form unbranched tubes lying coiled within the stroma. The gland epithelium is a single columnar layer.
Stages in Delayed Gestation
All animals were pregnant except those sacrificed at days 11 and 24 after RPY. The changes in some cellular parameters through delayed gestation are shown in Fig. 1 . Embryonic growth is shown in Fig. 2 .
Three phases are distinguished in delayed gestation in Potorous: quiescence, the luteal phase, and the pro-oestrus phase.
(i) Quiescence
This phase lasts through lactation and to 2 days after RPY. The corpus luteum is 1.4-2.0 mm in diameter, and is superficially indistinguishable from the corpora albicantia, although the histological differences are great. The luteal cells ( nucleolus is not prominent and a few threads of nuclear chromatin are visible. Blood progesterone levels are low at this time (Shaw and Rose, unpublished data).
The histology of both pregnant and non-pregnant uteri is similar (Fig. 3) . Both uteri are small, about 5 by 8 mm. The uterine lumen is small, and the luminal epithelium is high (about 16-18 pm). The nuclei are oval, 13 by 4 pm and medially located in the cells. The epithelial cell cytoplasm is eosinophilic and finely granular. Prominent basophilic nucleoli are visible on the nuclei. The luminal borders of these cells are covered with microvilli, and the cytoplasm protrudes into the lumen as an apical bulge. Such bulges are reported to be associated with secretion in the uteri of the brush-tailed possum (Shorey and Hughes 1973) , and in some eutherian mammals (Schmidt-Mathiesen 1963) . A fibrous mat of presumed secretory product overlies areas of the epithelium. Clear cells are frequent, and cilia often extend from the epithelium into the lumen. Anencephalic embryo at day 29 from RPY.
Days after RPY
The luminal glands are 62 +. 6 pm in diameter, and have an epithelium 22 ? 3 pm high. The nuclei of the epithelial cells are round, 5-7 pm in diameter, and most are located basally in the cell. The nucleoplasm stains lightly and the nucleolus is prominent. The cytoplasm is chromophobic, although the cell walls are clearly defined. PAS-positive material is present around the luminal periphery of the gland cells, and in fibrous aggregations in the gland lumen; this is presumed to be a secretory product. Cilia are frequently observed protruding into the gland lumen, often matted together by the presumed secretory product. No mitoses were observed.
The basal glands are larger, 70 + 10 pm in diameter, and the columnar epithelial cells are about 25 pm high. As in the luminal glands, the epithelial cytoplasm is chromophobic. The oval nuclei are basally located in the cell and 6-8 by 4-5 pm in size. The nucleoplasm stains more densely than in the luminal glands, and the nucleolus is distinct.
The stroma is loose and vascular, with only a thin subepithelial layer. Quiescent blastocysts are unilaminar, and fairly uniform in size, ranging from 0.20 to 0.25 mm in diameter. The three egg membranes (the zona pellucida, the mucoid coat, and the shell membrane) are complete. No mitotic figures were observed in these blastocysts.
(ii) Luteal Phase
The luteal condition has developed by day 6 after RPY and lasts until about day 18.
The corpus luteum enlarges from its quiescent size by hyperplasia and hypertrophy. This corresponds with a rapid rise in plasma progesterone levels (Shaw and Rose, unpublished data). At day 6 the corpus luteum is 2 . 4 mm in diameter, and occasional mitoses are present in the lutein cells (few are seen after this stage). The lutein cells are much larger, and the nuclei are increased in size and have elongated. The average nuclear diameter is about 14 ym at day 6; this increases to about 17 ym at day 12, after which it remains constant, although the shape becomes increasingly irregular. During this phase the nuclear chromatin appears to be condensed at the periphery of the nucleus; the nucleolus is prominent; the cytoplasm is pale staining and finely vacuolated.
By day 18, whilst the corpus luteum is at its maximum size, the first signs of degeneration are evident (Fig. 6 ). The nuclear membranes are occasionally wrinkled, and large cytoplasmic vacuoles are forming.
The luteal uterus is characterized by increased height of the gland epithelium and an increase in gland diameter (Fig. 5 ). This is evident in both basal and luminal glands, although more pronounced in the former. The luminal epithelium becomes thinner, and cilia and clear cells are less frequent. The nuclei are mainly basally situated and dark-staining. A few lie more luminally; these are often palestaining and have a slightly degenerate appearance. The luminal cytoplasm is chromophobic and vacuolated; basal to the nucleus it is dark-staining and granular. Similar changes have been noted in the luteal phase of Bettongia (Flynn 1930) .
By day 6 after RPY the glands of both pregnant and non-pregnant uteri have increased substantially, and the two uteri appear similar. After day 6, the uterus ipsilateral to the corpus luteum continues to develop, while in the other uterus the glands shrink. By day 12 there is a significant difference between the dimensions of the glands in the two uteri (Wilcoxon rank sums, P < 0.05 ; Hollander and Wolfe 1973) . Moreover, at day 11 in the non-pregnant animal there is a similar difference in the dimensions of the glands between the two uteri (P < 0.02).
This suggests that the differential development of the two uteri is not due to a foetal influence; however, its cause remains to be established.
Embryonic growth appears to start soon after day 2 (Fig. 2) . The blastocyst increases in diameter exponentially. By day 6 it is a bilaminar blastocyst of 0 . 5 mm, and by day 104 after RPY it is a 1.4-mm bilaminar blastocyst. At day 12 it is 1.7 mm in diameter, and the shell membrsne is still intact although detached from the blastoderm in places. At day 14 the blastocyst is oval, 1 .7 by 2 . 2 mm, with a clearly visible medullary plate 0.9 mm in diameter. By day 18 a well developed primitive streak 4 . 0 mm long has formed. The shell membrane is completely detached from the blastoderm, but appears to have been originally intact, being ruptured during treatment.
(iii) Pro-oestrus Phase
This phase lasts from about day 19 to term at about day 29 after RPY. The corpus luteum appears increasingly degenerate, with vacuolated cytoplasm and small, wrinkled, dark-staining nuclei becoming increasingly common in the lutein cells (Fig. 8) . Many of the nuclei appear annular in cross-section. Corresponding to this degeneration, the blood progesterone levels decline (Shaw and Rose, unpublished data).
In the pregnant uterus the height of the gland epithelium is declining. The gland lumina contain increasing amounts of an amorphous PAS-positive material and cell debris, and by day 28 many glands are grossly distended by this material (Fig.  7) . The gland epithelial cells are columnar to cuboid, depending on the distension of the gland, and the nuclei lie basally. The cytoplasm luminal to the nucleus is chromophobic and frequently contains eosinophilic granules. Some gland cells appear degenerate, with pycnotic nuclei and apparent loss of the apical cell membrane.
The growing embryo stretches the uterus, so that it becomes thinner, and after day 19 it is impractical to distinguish between basal and luminal glands. Similarly, the luminal epithelium becomes more squamous, and by day 28 little cytoplasm is present. The nuclei bulge out into the lumen. The cells are joined laterally with thin cytoplasmic strands, and their luminal surfaces are covered in microvilli. In places, these interdigitate with the microvilli of the yolk sac cells (Fig. lo) , forming a placental attachment similar to that in Macropus eugenii (Sharman 1961) and Macropus rufogriseus fructicus (Walker, personal communication) .
Embryogenesis is rapid during this phase, and all organogenesis occurs within the last 10 days of pregnancy. From the primitive streak, at day 18, develops an embryo with a greatest length of 5 . 5 mm at day 20, of 6.5-7.0 mm by day 21, and of 15.5 mm by day 28 (full term).
The non-pregnant uterus is strikingly different from the pregnant uterus during this phase. The glands are far smaller and appear less active, and the gland cell heights are significantly less (Wilcoxon ranked sums, P < 0.01). Mitoses are frequent in the gland epithelium after day 20 RPY.
These differences between the two uteri were not evident in a non-pregnant animal at day 24 after RPY. This animal had a functional corpus luteum on its ovary, so had ovulated but, presumably, failed to conceive. Its uteri were identical, and were similar histologically to the non-pregnant uteri of pregnant animals at days 21 and 28 after RPY. This suggests that during this phase there is a foetoplacental stimulus of the endometrium of the pregnant uterus.
Mode of Parturition
The vaginae of a female approximately 24 h post partum were serially sectioned. Sections were also examined by Professor G. B. Sharman, Macquarie University. The two lateral vaginae appear identical; they are small, with a narrow lumen (Fig. 9) , highly cornified epithelium which has not been scraped away, and without any foetal remnants (Sharman, personal communication) .
The median vagina has a large lumen (Fig. 9) , and rugose epithelium which projects extensively into the lumen. The epithelial cells are columnar with basal nuclei, and granular cytoplasm which apically is basophilic. The lumen contains much cell debris, some of which is degenerating foetal membrane (Sharman, personal communication) . The median vagina was open along its whole length.
These observations indicate strongly that Potorous gives birth via the median vagina, as do all marsupials so far studied. 
Delayed Gestation in Potorous Delayed Gestation
Length of delayed gestation was recorded in five animals: births were recorded at 294 days (Pt. 1, Pt. 48) and 284 days (Pt. 49) after RPY; full-term embryos were recovered at day 28 (Pt. 25) and day 284 (Pt. 43) after RPY. Thus, delayed gestation appears to last about 29 days, considerably less than the undelayed gestation of 38 days (Hughes 1962) .
Timing of Post-partum Oestrus
Eight females gave birth in captivity. Only three of these entered post-partum oestrus as diagnosed by vaginal smears. They apparently entered oestrus 2 days (Pt. 36) and 3 days (Pt. 55, Pt. 61) post partum but did not mate.
Discussion
The changes in the uteri and corpus luteum of Potorous are qualitatively similar to those reported for Setonix (Sharman 1955; Tyndale-Biscoe 1963) and Bettongia (Flynn 1930) .
The apparent positive relationship between progesterone secretion and the diameter of the nuclei of luteal cells deserves further study.
The uterine cycle appears closely correlated with embryonic development. During the first 18 days of delayed gestation, whilst the embryo is still relatively small, secretory precursor is stored in the apical cytoplasm of the gland cells. During this phase there appears to be a unilateral stimulus of the uterus ipsilateral to the corpus luteum. This is not caused by pregnancy, as the effect is seen in both pregnant and non-pregnant animals, and it remains to be established whether it results from a local effect of luteal secretions. A similar effect has been reported in Trichosurus (von der Borsch 1963) and M. eugenii (Renfree 1972) . The vascular plexus in these and several other marsupial species (Lea and O'Shea 1976) , including Potorous (this paper), may be involved in mediating this effect, because such vascular plexi are implicated in similar local utero-ovarian hormonal effects in several eutherian species (McCraken et al. 1971; Short 1972) .
Soon after day 18 the shell membrane ruptures. The vascular yolk sac develops by day 19, and thereafter embryogenesis is rapid. Correspondingly, the secretory activity of the uterus changes. Stored secretory material is released, and the secretion is increased by the cytoplasm from degenerating gland cells. A close subepithelial vascular network forms, providing a respiratory surface for the embryo. At this time, rapid proliferation is occurring in the uterus contralateral to the corpus luteum.
Early workers ( e g Hartman 1925) considered that the similarity of the ovarian and uterine cycles in pregnant and non-pregnant animals, and the relative simplicity of the marsupial placenta, indicated that the latter had no endocrine function. Increasing evidence is now available that the placenta does secrete progesterone, at least in the Macropodidae (Renfree 1972; Renfree and Tyndale-Biscoe 1973; Bradshaw et al. 1975; Renfree 1978) . This study suggests that in Potorous there may be a foeto-placental influence on the uterus, although it does not indicate whether this is due to hormonal or other influences. Flynn (1922) and Pearson (1945) reported that Potorous gives birth via the lateral vaginae rather than the median vagina as do other marsupials. This was based on an observation of a single female parturient at the time of dissection. This study indicates, to the contrary, that Potorous gives birth in the normal marsupial way via the median vagina. Hughes (1974) reported that in Potorous the yolk sac does not attach to the uterine epithelium at any point. However, this study has demonstrated that placentation in Potorous is similar to that in M. eugenii (Sharman 1961) , but that attachment develops only in the final few days of pregnancy.
In all macropods for which data is available, with the exception of Wallabia bicolor, the difference between delayed and undelayed gestation periods is less than 3 days (Calaby and Poole 1971; Tyndale-Biscoe et al. 1974) . Potorous apparently contrasts sharply by having a delayed gestation period about 9 days shorter than the undelayed gestation reported by Hughes (1962) . One explanation is that at the start of undelayed gestation there is a period of slow growth lasting about 11 days, after which in lactating females the blastocyst will enter diapause, or in non-lactating females it will grow more rapidly for 27 days to term. After RPY development would resume about day 2, and rapid growth to term occupy the next 27 days. This would give an undelayed gestation of 38 days (1 1 + 27) and a delayed gestation of 29 days (2 + 27).
Tyndale-Biscoe (1968) explained the difference in the lengths of gestation between Bettongia lesueur (21 days) and Potorous by suggesting that the period of embryogenesis in these two species may be similar, but that in Potorous there may be an extended period of slow growth early in gestation. He further proposed that such slow phases in early development may be necessary to ensure synchonj of uterine development with embryonic development. The evidence presented in this paper largely supports this idea. However, although rates of embryogenesis are comparable in most macropods that have been studied (Rose 1978) , development in Potorous is much slower. The reason for this is unclear but it may be related to the slower cell cycle in this species compared with other marsupials (Bick and Brown 1969; Thrasher 1970) .
In Wallabia bicolor delayed gestation is about 30 days, and undelayed gestation is about 37 days (Calaby and Poole 1971) . This discrepancy may also be explained by a slow phase early in gestation. Wallabia is unique in having oestrus about 6 days pre-partum (Sharman et al. 1966; Calaby and Poole 1971) . If the female conceives at this time, then the blastocyst presumably develops slowly for 6-8 days until post-partum suckling induces diapause.
Tyndale-Biscoe (personal communication) has found that the blastocyst of M. eugenii may enter diapause at about day 8 after post-partum mating, which suggests that early embryonic development may also be slow in those species where undelayed and delayed gestation lengths are similar. This may be accounted for if in these species diapause intervenes midway through the phase of slow embryonic growth, rather than at its end, as appears to occur in Potorous. Further study of early embryogenesis in the macropods is needed to clarify these speculations. exammed and commented upon the sections of the vaginae of a potoroo 1 day post partum, and Mrs T. Vasos typed the manuscript.
